Fourteen cytopathic bovine rotaviruses isolated from naturally affected calves were characterized serologically by serum neutralization. Antisera were prepared in guinea pigs against the three isolates and the Lincoln strain of bovine rotavirus. These four rotaviruses were segregated into at least two distinct serotypes (designated types 1 and 2) by serum neutralization. The remaining 11 isolates were also placed into two groups according to neutralization specificity by using the antisera against types 1 and 2 bovine rotavirus. When colostrum-deprived calves were experimentally inoculated with type 1 or 2 bovine rotavirus, respectively, the calves produced neutralizing antibodies against the inoculated serotype but not against the other serotype. Calf sera obtained from six herds with naturally occurring rotavirus infections possessed neutralizing antibodies against type 1 or 2 or both. Thus, distinct serotypes of bovine rotavirus were demonstrated by serum neutralization. The possible role of serotypes in the epidemiology of rotavirus infection among bovine species is discussed.
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Rotavirus has been shown to be a major cause of acute viral diarrhea in a number of mammalian and avian species (6, 13, 14) . Several serotypes of human and avian rotaviruses have been distinguished by serum neutralization (SN), enzyme-linked immunosorbent assay, complement fixation (CF), and immune electron microscopy (1, 5, 14, 23, (30) (31) (32) (33) ; in addition, two subgroups of animal rotaviruses have been detected by immune adherence hemagglutination, specific CF, and enzyme-linked immunosorbent assay (10) . However, it has been suggested by Kapikian et al. that the term serotype be defined by using conventional SN, excluding fluorescent focus neutralization, in cell cultures (10) . As a result, human rotavirus neutralization serotypes recently have been successfully determined by plaque reduction and qualitative cytopathic effect (CPE) neutralization assays, employing cultivatable or non-cultivatable human rotaviruses (or both) that had been previously rescued by coinfection with a cultivatable bovine rotavirus (8, 9, 25, 29) . In the present study, we also attempted to use conventional SN for serotyping bovine rotaviruses on the basis of CPE in the cell culture.
Although a number of reports have described certain differences among rotavirus strains, for example, histopathological virulence, plaque morphology, pattern of neutralizing kinetics, hemagglutination inhibition property, and electrophoretic mobility of the corresponding genome segments (2-4, 18, 19, 22, 26), no distinct serotypes have been determined by SN.
In a preliminary report, we provided evidence that antiserum against the Lincoln strain of bovine rotavirus showed different neutralizing behaviors toward the rotaviruses isolated from calves with acute diarrhea, and we suggested the presence of different types of bovine rotavirus which can be discriminated by SN (17) .
In the present study, we attempted to confirm the existence of distinct serotypes of bovine rotavirus by SN by using guinea pig immune sera and experimentally infected calf sera. Preparation of antisera. Antisera were prepared in guinea pigs which had been shown to be free of rotavirus antibody by CF. These guinea pigs were purchased from the Nippon Institute for Biological Science, Tokyo, Japan.
Purification and immunization of the rotavirus were performed as previously described (17) . Briefly, rotavirus propagated on MA104 cells was concentrated by polyethylene glycol (molecular weight, 7,500; Showa Chemicals Co., Tokyo, Japan) and then treated twice with fluorocarbon. The virus was then purified by density gradient centrifugation with cesium chloride solution. The purified virus suspended in phosphatebuffered saliie (pH 7.2) was mixed with an equal volume of Freund incomplete adjuvant and injected into the footpads of guinea pigs three times at 2-week intervals. The animals were bled 1 week after the last injection. Antisera were inactivated at 56°C for 30 min before testing.
SN. SN was performed by mixing equal volumes of a serial twofold dilution of the sera with the virus suspension diluted to give 200 median tissue culture infective doses per 0.1 ml. The diluent employed for the serum and virus dilution was maintenance medium. The mixture was incubated at 37°C for 60 min, followed by 4°C overnight, and inoculated into four tube cultures of confluent monolayers of MA104 cells. After incubation at 37°C for 7 days in the roller apparatus, the infectivity was estimated, and the neutralizing antibody titer was expressed as the reciprocal of the serum dilution which inhibited 50% of infection. In the serological survey, the neutralizing antibody titer was expressed as the reciprocal of the highest serum dilution that completely inhibited CPE when the two tube cultures of MA104 cells were used for each dilution.
CF. CF was conducted by the microtiter method with two 100% hemolytic units of complement as previously described (12, 17) . The CF antigen titer was determined by checkerboard titration with the antiserum.
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